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Optical pickup unit with a rotatable phase difference plate 



(57) In an optical pickup unit for converging a laser 
beam having a predetermined polarization direction pro- 
duced by a semiconductor laser (LD) on a signal record- 
ing face of an optical disc (Disc) through an objective 
lens (OL), a phase difference plate (PDP) is rotatably 
disposed before the objective lens around an optical ax- 



is. A rotation adjusting mechanism mechanically rotates 
the phase difference plate around the optical axis by any 
angle. It is therefore possible to adjust an included angle 
between a direction of a major axis (K) of a spot and a 
polarization direction (J) of the laser beam on the signal 
recording face at any angle. 
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Description 

Background of the Invention: 

[0001] This invention relates to an optical pickup unit, 
which is contained in an optical disc drive, for recording/ 
reproducing data in/from an optical recording medium 
such as an optical disc. 

[0002] In the manner known in the art, an optical pick- 
up unit is a unit which carries out recording (writing) or 
erasing of information by converging a laser beam pro- 
duced by a semiconductor laser serving as an optical 
source on a signal recording face of an optical disc 
through an objective lens and which carries out repro- 
ducing of information by detecting a return beam from 
the signal recording face by a photodetector serving as 
optical detecting means. 

[0003] In the manner which will later be described in 
conjunction with Figs. 2A, 2B, 3A, and 3B, in existing 
optical pickup units, a direction of a major axis of a spot 
and a polarization direction of the laser beam are always 
identical with each other on the signal recording face of 
the optical disc converged by the objective lens. That is, 
an included angle between the direction of the major ax- 
is of the spot and the polarization direction of the laser 
beam on the signal recording face of the optical disc is 
always 0 degree. 

Summary of the Invention: 

[0004] It has been appreciated by the present inven- 
tors that it would be useful to adjust the included angle 
arbitrarily. In other words, it would be desirable to 
change the polarization direction of the beam by an ar- 
bitrary angle. 

[0005] It is therefore an object of at least the preferred 
embodiment of this invention to provide an optical pick- 
up unit which is capable of adjusting an included angle 
between a direction of a major axis of a spot and a po- 
larization direction of a laser beam on a signal recording 
face of an optical disc at any angle. 
[0006] Other such objects of this invention will be- 
come clear as the description proceeds. 
[0007] On describing the gist of this invention, it is 
possible to be understood that an optical pickup unit is 
for converging a laser beam having a predetermined po- 
larization direction produced by a semiconductor laser 
on a signal recording face of an optical disc through an 
objective lens. According to an aspect of this invention, 
the optical pickup unit comprises a phase difference 
plate rotatably disposed before the objective lens 
around an optical axis and a rotation adjusting mecha- 
nism for mechanically rotating the phase difference 
plate around the optical axis by any angle. Therefore, it 
is possible to adjust an included angle between a direc- 
tion of a major axis of a spot and a polarization direction 
of the laser beam on the signal recording face at any 
angle. 



[0008] The afore-mentioned optical pickup unit, the 
phase difference plate may comprise a half-wave plate 
or a quarter-wave plate. In addition, the afore-men- 
tioned optical pickup unit further may comprise a diffrac- 

5 tion grating for separating the laser beam produced by 
the semiconductor laser into three laser beams, a beam 
splitter for reflecting the three laser beams from the dif- 
fraction grating into a first reflected laser beam, a colli- 
mator lens for collimating the first reflected laser beam 

10 into a collimated laser beam, and a rising mirror for re- 
flecting the collimated laser beam into a second reflect- 
ed laser beam. The objective lens converges the second 
reflected laser beam on the signal recording face of the 
optical disc. The phase difference plate is disposed at 

15 any position in an optical path between the semiconduc- 
tor laser and the objective lens. 

Brief Description of the Drawing: 

20 [0009] Preferred features of the present invention will 
now be described, by way of example only, with refer- 
ence to the accompanying drawings, in which:- 

Figs. 1 A, 1 B, and 1C are views collectively showing 
25 a semiconductor laser (laser diode) for use in an 
optical pickup unit; 

Figs. 2A and 2B are views collectively showing an 
optical system of a first existing optical pickup unit; 
Figs. 3A and 3B are views collectively showing an 
so optical system of a second existing optical pickup 
unit; 

Figs. 4A through 4C are views collectively showing 
an optical system of an optical pickup unit according 
to a preferred embodiment of this invention; 
35 Figs. 5A and 5B collectively show vies for use in 
describing operation of the optical pickup unit illus- 
trated in Figs. 4A through 4C; and 
Fig. 6 is a perspective view of a half -wave plate 
used as a phase difference plate for use in the an 
40 optical pickup unit illustrated in Figs. 4A through 4C. 

Description of the Preferred Embodiment: 

[0010] Referring to Figs. 1 A, 1 B, and 1 C, a semicon- 
45 ductor laser (laser diode) LD for use in an optical pickup 
unit will be described at first in order to facilitate an un- 
derstanding of the present invention. Fig. 1 A is a plan 
view of the semiconductor laser (laser diode) LD, Fig. 1 
B is a front view of the semiconductor laser (laser diode) 
so LD, and Fig. 1 C is a left-hand side view of the semicon- 
ductor laser (laser diode) LD. 

[001 1 ] Irradiated by the semiconductor laser LD, a la- 
ser beam has a predetermined polarization direction. As 
shown in Figs. 1 A and 1C, the polarization direction is 
55 a direction in parallel with an activation layer of the sem- 
iconductor laser LD. Irradiated by the semiconductor la- 
ser LD, the laser beam has an oval shape having a pre- 
determined beam spreading angle. As shown in Fig. 1 A 
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and 1 C, the beam spreading angle is different from in 
a parallel direction and a perpendicular direction for the 
activation layer of the semiconductor laser LD. Specifi- 
cally, the laser beam has a laser radiation angle which 
is small (narrow) in the parallel direction for the activa- 
tion layer (see Fig. 1 A) and which is large (wide) in the 
perpendicular direction for the activation layer (see Fig. 
1C). 

[0012] In the manner which will later be described in 
detail with reference to figures, in a conventional optical 
pickup unit using such as a semiconductor laser as a 
light source, the polarization direction of the laser beam 
is always identical with a direction of a major axis in a 
spot on a signal recording face of an optical disc on 
which the laser beam is converged through an objective 
lens. 

[0013] Referring to Figs. 2A, 2B, 3A, and 3B, existing 
opticalpickup units will be described in order to facilitate 
an understanding of the present invention. Figs. 2A and 
2B are views collectively showing an optical system of 
a first existing optical pickup unit while Figs. 3A and 3B 
are views collectively showing an optical system of a 
second existing optical pickup unit. Fig. 2A is a plan view 
showing the whole of the optical system of the first ex- 
isting optical pickup unit (except for a part of a photode- 
tector or the like) while Fig. 2B is a front view showing 
the semiconductor laser LD for use in the first existing 
optical pickup unit. Fig. 3A is a plan view showing the 
whole of the optical system of the second existing optical 
pickup unit (except for a part of a photodetector or the 
like) while Fig. 3B is a front view showing the semicon- 
ductor laser LD for use in the second existing optical 
pickup unit. 

[0014] While the first existing optical pickup unit (a 
first related art) and the second existing optical pickup 
unit (a second related art) are substantially similar in 
structure to each other, a method of disposing the sem- 
iconductor laser LD is different from each other. Accord- 
ingly, common matters between the first related art and 
the second related art will presently be described only 
as the existing optical pickup unit and only a case of 
requiring distinction will later be described by express- 
ing the first existing pickup unit or the second existing 
pickup unit clearly. 

[0015] The existing optical pickup unit comprises a 
semiconductor laser (laser diode) LD, a diffraction grat- 
ing GRT, a beam splitter BS, a collimator lens CL, a ris- 
ing mirror MIR, and an objective lens OL. Although illus- 
tration is not made in Figs. 2A and 3A, the existing op- 
tical pickup unit further comprises a concave lens (en- 
largement lens), a photodetector (light receiving ele- 
ment), and a forward sensor FS. In addition, the beam 
splitter BS will be referred to as a half mirror. 
[0016] In the optical pickup unit with such a structure, 
disposed this side, the semiconductor laser LD radiates 
a laser beam in the horizontally forward direction. The 
outgoing laser beam is separated into three laser beams 
by the diffraction grating GRT and is bent at a right angle 



by the beam splitter BS to go horizontally leftward. In 
addition, the beam splitter BS separates the incident la- 
ser beam into a reflected beam and a transmitted beam 
at a constant ratio. For example, the beam splitter BS 
5 reflects 80% of the incident laser beam as the reflected 
beam and transmits 20% of the incident laser beam as 
the transmitted beam. The forward sensor (not shown) 
is also called a front monitor and is for monitoring a light 
amount of the transmitted beam from the beam splitter 
BS. The laser beam, which goes horizontally leftward, 
is collimated into a collimated beam by the collimator 
lens CL and thereafter is bent at a right angle by reflect- 
ing at a reflecting surface of the rising mirror MIR to go 
vertically upward. The laser beam, which goes vertically 
upward, is converged (irradiated) on a signal recording 
face of an optical disc (not shown) through the objective 
lens OL. Thereby, it is possible to write (record) infor- 
mation to the optical disc or erase information from the 
optical disc. 

[0017] Reflected by the signal recording face of the 
optical disc, a reflected laser beam (return laser beam) 
goes vertically downward, passes through the objective 
lens OL, and is bent at a right angle by reflecting at the 
reflecting surface of the rising mirror MIR to go horizon- 
tally rightward. The laser beam, which goes horizontally 
rightward, is detected by the photodetector (not shown) 
through the collimator lens CL, the beam splitter BS, and 
the concave lens (not shown). Thereby, it is possible to 
reproduce information stored (recorded) in the optical 
disc. 

[0018] In the manner which is described above, the 
beam splitter (half mirror) BS has a character (charac- 
teristic) which reflects a part of the incident laser beam 
and which transmits the remainder thereof. Accordingly, 
a part of the above-mentioned return laser beam is re- 
flected by the beam splitter BS to return to the semicon- 
ductor laser LD. Specifically, on carrying out writing/ 
erasing information to/from the optical disc, the semi- 
conductor laser LD must irradiate the laser beam having 
a larger power in comparison with a case of carrying out 
reproduction of information. As a result, returned to the 
semiconductor laser LD by being reflected by the beam 
splitter BS, the laser beam has also a non-negligible 
power. 

[001 9] Referring now to Figs. 2A, 2B, 3A, and 3B, the 
description will proceed to differences between the first 
existing optical pickup unit and the second existing op- 
tical pickup unit. 

[0020] In the first existing optical pickup unit illustrated 
in Figs. 2A and 2B, the semiconductor laser LD is ar- 
ranged so that the polarization direction of the laser 
beam irradiated therefrom becomes a horizontal direc- 
tion (extends right and left) within a drawing sheet of Fig. 
2A in the manner which is depicted at an arrow A. In 
other words, the activation layer of the semiconductor 
laser LD has a direction in parallel with the drawing 
sheet of Fig. 2A. 

[0021] On the other hand, in the second existing op- 
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tical pickup unit illustrated in Figs. 3A and 3B, the sem- 
iconductor laser LD is arranged so that the polarization 
direction of the laser beam irradiated therefrom be- 
comes a vertical direction (extends up and down) in re- 
gard to a drawing sheet of Fig. 3A in the manner which 5 
is depicted at B. In other words, the activation layer of 
the semiconductor laser LD has a direction perpendic- 
ular to the drawing sheet of Fig. 3A. That is, the semi- 
conductor laser LD in the second existing optical pickup 
unit is arranged in a state where the semiconductor laser 
LD in the first existing optical pickup unit is rotated 
around its optical axis in a counterclockwise direction by 
an angle of 90 degrees. 

[0022] In Figs. 2A and 3A, in a case where the semi- 
conductor laser LD is arranged in the manner described 
above, a spot and a polarization direction of the laser 
beam on the signal recording surface of the optical disc 
converged by the objective lens OL are designated at 
an ellipse attached with hatching inside on the objective 
lens OL and an arrow close thereto, respectively. 
[0023] In the first existing optical pickup unit, the 
above-mention spot has a major axis extending up and 
down within the drawing sheet of Fig. 2A in the manner 
which is depicted at C. As contrasted with this, in the 
second existing optical pickup unit, the above-men- 
tioned spot has a major axis extending right and left with- 
in the drawing sheet of Fig. 3A in the manner which is 
depicted at D. 

[0024] In the first existing optical pickup unit, the 
above-mentioned polarization direction of the laser 
beam on the signal recording face is a direction identical 
with the direction of the major axis of the above-men- 
tioned spot as shown in an arrow E of Fig. 2A, namely, 
extends up and down within the drawing sheet of Fig. 
2A. Likewise, in the second existing optical pickup unit, 
the above-mentioned polarization direction of the laser 
beam on the signal recording face is a direction identical 
with the direction of major axis of the above-mentioned 
spot as shown in an arrow F of Fig. 3A, namely, extends 
right and left within the drawing sheet of Fig. 3A. 
[0025] At any rate, in the existing optical pickup units, 
it is understood that the direction of the major axis of the 
spot and the polarization direction of the laser beam are 
identical with each other on the signal recording face of 
the optical disc converged by the objective lens OL. This 
is because in the existing optical pickup units, the polar- 
ization direction of the laser beam irradiated by the sem- 
iconductor laser always becomes the direction in paral- 
lel the activation layer of the semiconductor laser. 
[0026] In the manner which is described above, in the 
existing optical pickup units, the direction of the major 
axis of the spot and the polarization direction of the laser 
beam are always identical with each other on the signal 
recording face of the optical disc converged by the ob- 
jective lens OL. That is, an included angle between the 
direction of the major axis of the spot and the polariza- 
tion direction of the laser beam on the signal recording 
face of the optical disc is always 0 degree and it is there- 



fore impossible to arbitrarily adjust the included angle, 
as mentioned in the preamble of the instant specifica- 
tion. 

[0027] On the other hand, Japanese Unexamined 
Patent Publications Tokkai No. Hei 11-261171 or JP-A 
11-261171 discloses an optical pickup unit capable of 
reducing return beam noises which generate caused by 
an event that a return beam is incident to a semiconduc- 
tor laser (a laser element). In JP-A 1 1 -261 1 71 , an optical 
element with a polarization rotation function is disposed 
in an optical path of the laser element. The optical ele- 
ment con verts a polarization direction of the return beam 
to the laser element into a direction different from a po- 
larization direction of an outgoing beam from the laser 
element. Specifically, the optical element converts the 
polarization direction of the return beam to the laser el- 
ement Into the direction obtained by rotating the polari- 
zation direction of the outgoing beam from the laser 
beam by 90 degrees. A quarter-wave plate is used as 
such an optical element. 

[0028] However, JP-A 11 -261 1 71 uses the optical el- 
ement such as a quarter-wave plate for converting the 
polarization direction of the return beam and a final ob- 
ject thereof is to reduce the return beam noises. In ad- 
dition, conversion of the polarization direction by the op- 
tical element is set to a fixed angle after setting is made 
once and never adjusts the polarization direction to any 
angle. That is, JP-A 11-261171 never intends to adjust 
an included angle between a direction of a major axis of 
a spot and a polarization direction of a laser beam on a 
signal recording face of an optical disc to any angle. 
[0029] In particular, it is thought in optical pickup units 
of the type described that interference in addition to the 
above-mentioned return beam noises may occur 
caused by various factors. Accordingly, it is preferably 
possible to arrange optical components (parts) at opti- 
mal positions by adjusting a polarization direction to any 
angle so as to eliminate such interference as much as 
possible. 

[0030] Referring to Figs. 4A, 4B, and 4C, the descrip- 
tion will proceed to an optical pickup unit according to a 
preferred embodiment of this invention. Figs. 4A 
through 4C are views collectively showing an optical 
system of the optical pickup unit according to the pre- 
ferred embodiment of this invention. Fig. 4A is a plan 
view showing the whole of the optical system of the op- 
tical pickup unit (except for a part of a photodetector or 
the like) according to the preferred embodiment of this 
invention. Fig. 4B is a front view showing a semiconduc- 
tor laser LD for use in the optical pickup unit illustrated 
in Fig. 4A. Fig. 4C is a front view showing a part of the 
optical system of optical system of the optical pickup unit 
illustrated in Fig. 4A. 

[0031] The illustrated optical pickup unit is similar in 
structure and operation to the first existing optical pickup 
unit illustrated in Figs. 2A and 2B except that the optical 
pickup unit further comprises a phase difference plate 
PDP for changing (rotating) a polarization direction of a 
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laser beam and a rotation adjusting mechanism (not 
shown) for mechanically rotating the phase difference 
plate PDP around its optical axis by any angle. Accord- 
ingly, components having similar functions of those il- 
lustrated in Figs. 2A and 2B are attached with the same 5 
reference symbols and description thereof will be omit- 
ted in order to simplify description and to avoid repeated 
description. In Fig. 4C, a reference symbol of Disc des- 
ignates an optical disc. 

[0032] As is apparent from Fig. 4C, the phase differ- 
ence plate PDP is disposed before the objective lens 
OL, namely, between the rising mirror MIR and the ob- 
jective lens OL with the phase difference plate PDP ro- 
tatably around the optical axis. The phase difference 
plate PDP may be a half -wave plate or a quarter-wave 
plate which will later be described. The rotation adjust- 
ing mechanism (not shown) mechanically rotates the 
phase difference plate PDP around the optical axis by 
any angle. 

[0033] By adding the phase difference plate PD P and 
the rotation adjusting mechanism to the optical pickup 
unit in the manner which is described above, the polar- 
ization direction of the laser beam on a signal recording 
face of the optical disc Disc is set in any angle while a 
major axis of a spot on the signal recording face of the 
optical disc Disc converged by the objective lens OL ex- 
tends up and down within a drawing sheet of Fig. 4A in 
the similar manner in a case illustrated in Fig. 2A. That 
is, it is possible to adjust an included angle between a 
direction of the major axis of the spot and the polariza- 
tion direction of the laser beam on the signal recording 
face of the optical disc Disc at the any angle. 
[0034] Referring now to Figs. 5A and 5B, description 
will be made as regards operation of the optical pickup 
unit illustrated in Figs. 4A through 4C. Fig. 5A is a plan 
view showing the whole of the optical system of the op- 
tical pickup unit (except for a part of the photodetector 
or the like) while Fig. 5B is a front view showing the sem- 
iconductor laser LD for use in the optical pickup unit il- 
lustrated in Fig. 5 A. 

[0035] Disposed this side, the semiconductor laser 
LD radiates a laser beam in a horizontally forward direc- 
tion. The radiated laser beam has a polarization direc- 
tion G which extends right and left within a drawing sheet 
of Fig. 5A in a similar manner in a case illustrated in Fig. 
2A. The outgoing laser beam is separated into three la- 
ser beams by the diffraction grating GRT and is bent at 
a right angle by the beam splitter BS to go horizontally 
leftward. The laser beam, which goes horizontally left- 
ward, has a polarization direction H which extends up 
and down within the drawing sheet of Fig. 5A. In addi- 
tion, the beam splitter BS separates the incident laser 
beam into a reflected laser beam and a transmitted laser 
beam at a constant ratio. For example, the beam splitter 
BS reflects 80% of the incident laser beam as the re- 
flected laser beam and transmits 20% of the incident la- 
ser beam as the transmitted laser beam. The forward 
sensor (not shown) monitors a light amount of the trans- 



mitted laser beam from the beam splitter BS. 
[0036] The laser beam, which goes horizontally left- 
ward, is collimated into a collimated laser beam by the 
collimator lens CL and thereafter is bent at a right angle 
by reflecting at a reflecting surface of the rising mirror 
MIR to go vertically upward. The laser beam, which goes 
vertically upward, has a polarization direction which is 
rotated by the phase difference plate PDP by a prede- 
termined angle. By mechanically rotating the phase dif- 
ference plate PDP using the rotation adjusting mecha- 
nism (not shown) around its optical axis in the manner 
shown at an outline thick arrow I in Fig. 5A, it is possible 
to rotate a polarization direction J of the laser beam 
passing through the phase difference plate PDP at any 
angle. 

[0037] The laser beam, which transmits the phase dif- 
ference plate PDP, is converged (irradiated) through the 
objective lens OL on the signal recording face of the op- 
tical disc Disc which is rotatably driven. Thereby, it is 
possible to write (record) information to the optical disc 
Disc or to erase information from the optical disc Disc. 
[0038] As a result, in the manner which is described 
above, it is possible to adjust the included angle be- 
tween a direction of the major axis K of the spot and the 
polarization direction J of the laser beam on the signal 
recording face of the optical disc Disc (Fig. 4C) by any 
angle. 

[0039] Reflected by the signal recording face of the 
optical disc Disc (Fig. 4C), a reflected laser beam (return 
laser beam) goes vertically downward, passes through 
the phase difference plate PDP and the objective lens 
OL, and is bent at a right angle by reflecting at the re- 
flecting surface of the rising mirror MIR to go horizontally 
rightward. The laser beam, which goes horizontally 
rightward, is detected by the photodetector (not shown) 
through thecollimator lens CL, the beam splitter BS, and 
the concave lens (not shown). Thereby, it is possible to 
reproduce information stored (recorded) in the optical 
disc Disc (Fig. 4C). 

[0040] Fig. 6 illustrates a half -wave plate used as the 
phase difference plate PDP. It will be assumed that the 
half-wave plate PDP is incident with linearly polarized 
light L bottom-to-top as shown in Fig. 6. By mechanically 
rotating the half-wave plate PDP around its optical axis 
in the manner depicted at an arrow M in Fig. 6, it is pos- 
sible to voluntarily set a direction N of the linearly polar- 
ized light which passes through the half -wave plate 
PDP. 

[0041] While this invention has thus far been de- 
scribed in conjunction with a preferred embodiment 
thereof, it will now be readily possible for those skilled 
in the artto put this invention into various other manners. 
For example, the phase difference plate may comprise 
a quarter-wave mirror in lieu of the half-wave plate. In 
addition, the phase difference plate may be disposed at 
any position of an optical path between a semiconductor 
laser and an objective lens. 

[0042] While the present invention has been de- 
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scribed in its preferred embodiments, it is to be under- 
stood that the words which have been used are words 
of description rather than limitation and that changes 
may be made to the invention without departing from its 
scope as defined by the appended claims. 
[0043] Each feature disclosed in this specification 
(which term includes the claims) and/or shown in the 
drawings may be incorporated in the invention inde- 
pendently of other disclosed and/or illustrated features. 
[0044] The text of the abstract filed herewith is repeat- 
ed here as part of the specification. 
[0045] In an optical pickup unit for converging a laser 
beam having a predetermined polarization direction pro- 
duced by a semiconductor laser (LD) on a signal record- 
ing face of an optical disc (Disc) through an objective 
lens (OL), a phase difference plate (PDP) is rotatably 
disposed before the objective lens around an optical ax- 
is. A rotation adjusting mechanism mechanically rotates 
the phase difference plate around the optical axis by any 
angle. It is therefore possible to adjust an included angle 
between a direction of a major axis (K) of a spot and a 
polarization direction (J) of the laser beam on the signal 
recording face at any angle. 



Claims 

1 . An optical pickup unit for directing a laser beam hav- 
ing a predetermined polarization direction onto a 
face of an optical disc, comprising: 

means for changing the polarization direction 
of the beam by an angle a; and 
means for varying the angle a. 

2. Apparatus according to Claim 1 , wherein the means 
for varying the angle a is arranged to vary the angle 
a continuously over a predetermined range. 

3. An optical pickup unit for converging a laser beam 
having a predetermined polarization direction pro- 
duced by a semiconductor laser (LD) on a signal 
recording face of an optical disc (Disc) through an 
objective lens (OL), characterised by; 

a phase difference plate (PDP) rotatably dis- 
posed before said objective lens around an op- 
tical axis (OA); and 

a rotation adjusting mechanism for mechanical- 
ly rotating said phase difference plate around 
the optical axis by any angle, thereby adjusting 
an included angle between a direction of a ma- 
jor axis (K) of a spot and a polarization direction 
(J) of the laser beam on said signal recording 
face at any angle. 

4. An optical pickup unit as claimed in claim 3, wherein 
said phase difference plate comprises a half-wave 



plate. 

5. An optical pickup unit as claimed in claim 3, wherein 
said phase difference plate comprises a quarter- 

5 wave plate. 

6. An optical pickup unit as claimed in claim 3, wherein 
said optical pickup unit further comprises a diffrac- 
tion grating (GRT) for separating said laser beam 

10 produced by said semiconductor laser into three la- 
ser beams, a beam splitter (BS) for reflecting said 
three laser beams from said diffraction grating into 
a first reflected laser beam, a collimator lens (CL) 
for collimating the first reflected laser beam into a 
is collimated laser beam, and a rising mirror (MIR) for 
reflecting the collimated laser beam into a second 
reflected laser beam, said objective lens (OL) con- 
verging the second reflected laser beam on the sig- 
nal recording face of said optical disc, said phase 
20 difference plate (PDP) being disposed at any posi- 
tion in an optical path between said semiconductor 
laser and said objective lens. 

7. A method comprising 

25 directing a laser beam having a predeter- 

mined polarization direction onto a face of an optical 
disc; 

changing the polarization direction of the 
beam by an angle a; and 
30 varying the angle a. 

8. A method according to Claim 7, wherein the angle 
a is continuously variable over a predetermined 
range. 
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